Letters to the Editor

Pulse Pressure and Microvessels
To the editor. For a given reduction in mean arterial pressure, different antihypertensive agents appear to produce different effects on vascular structure. This may reflect the effects of certain agents on nonhemodynamic determinants of blood vessel hypertrophy in hypertension. Nevertheless, hemodynamic factors other than mean arterial pressure may be important in explaining the variable effects of different drugs.
Recently, in a study based on different treatments, Christensen 1 reported that pulse pressure correlated "more closely" with vascular structure than mean arterial pressure. In an analysis of covariance, pulse pressure was said to explain most of the variation in vascular structure, whereas mean arterial pressure "accounted for none." The biological implication was that pulse pressure was the dominant hemodynamic factor. No statistical analysis of the effects of treatment in this experiment was provided. Although pulse pressure may have a role in determining vascular structure, we believe that Christensen's data do not justify such a conclusion. After careful analysis of the author's methods, we noted an important flaw in the application and interpretation of the statistical analyses. We outline our concerns and offer what we believe to be a more appropriate interpretation of his results.
The conclusions reached by the author relied on simple correlation analyses and an analysis of covariance. In the first instance, mere ranking of correlation coefficients (see Christensen Table 3 ) cannot resolve or quantify independent associations between hemodynamic variables, treatment effects, and vascular structure. Furthermore, probability values are not useful in this respect because they represent only a test of the hypothesis that the correlation is zero.
Analysis of covariance is used typically to examine differences between treatment groups after adjusting for baseline confounding factors (covariates) (e.g., the effect of different antihypertensive treatments on vascular structure after adjustment for differences in mean arterial pressure or pulse pressure). This was not the primary intention of Christensen's analysis, in which he attempted to determine the independent role of the hemodynamic variables.
It is stated in the abstract that "81% of the variation in the media/lumen ratio could be accounted for by the variation in the three covariates (p<10~5), pulse pressure being the major factor." Although not stated explicitly, it can be inferred from the degrees of freedom reported in the article (as "f2=15" on page 724) that the author's analysis involved the six treatment groups in conjunction with the three covariates. As such, the 81% of the variation explained by the analysis must also include a component of variation associated with the different treatments.
To determine the effect of between-treatment variation, we reconstructed statistical analyses based on the data for the five treatment groups presented in Christensen's Figure 1 . Because individual data points were not provided for untreated spontaneously hypertensive rats, we could not include this group in any analyses, but we do not believe that our conclusions would be altered by this omission. By using the SAS statistical computer package, we were able to account for 803% of the variation in media/lumen ratio when including treatment groups and the three hemodynamic covariates, very close to the figure of 80.7% reported by the author. However, we found that variation between the treatment groups alone accounted for 80.1% of the variation in media/lumen ratio. Thus, the hemodynamic covariates account for negligible variation in the media/lumen ratio, once adjusted for differences in treatment. How then did Christensen reach the conclusion that pulse pressure accounted for most of the variation in media/lumen ratio? We believe the answer lies in a mistaken interpretation of an inappropriate statistical method.
Using the presented data, we entered in sequence pulse pressure, heart rate, mean arterial pressure, and treatment groups into the SAS analysis program. Using the method called "Type I sums of squares" that adjusts a variate only for those variates preceding it in the order of input into the program, we obtained results very similar to those presented by Christensen (see Table 1 ). Our results were dependent to a large extent on the order of entry of the covariates, and by reversing the entry order, the relative importance of the covariates appears to change, with mean arterial pressure now a significant factor (Table 1) . However, even after adjusting for the three covariates the treatment effect (not presented by the author) was still highly significant (F=6.01, fl=4, f2=12,p=0.007).
Because the author was primarily interested in the covariates, F statistics and probability values should have been adjusted for differences between treatment groups by a procedure that corresponds to multiple regression analysis (called "Type III sums of squares" in SAS). The results of such an analysis, which also do not depend on an arbitrary order of entry of hemodynamic variables into the analysis, are shown in Table 1 . It is clear that after accounting for treatment variation, the three hemodynamic variables do not contribute significantly to variation in the media/ 
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lumen ratio. One interpretation of these results is that it is the nature of treatment rather than its hemodynamic effects that determines the structural response of the small arteries. In short, we believe that the author's conclusion that reduction in pulse pressure and heart rate during antihypertensive treatment may be important (and mean blood pressure is not important) in reversing abnormal vascular structure is not justified by the data from these experiments. The analysis presented by Christensen did not resolve independent effects of different hemodynamic covariates and ignored the significant independent contribution of treatment effects.
The following is in response:
To the editor Harrap and Forbes 1 have criticized my use of analysis of variance to examine the effects of five different antihypertensive treatments on blood pressure, heart rate, and small artery structure. 2 By using a different statistical package (SAS) to the one I used (SPSS) and by reading part of the data set from the graphs that I published, they have concluded that treatment can account for almost all of the variation in small artery media/lumen ratio and that blood pressure parameters may not be important.
First, I would like to show the analysis ( Table 1) that was performed originally, including the data that Harrap and Forbes did not use in their analysis concerning untreated spontaneously hypertensive rats. Three covariates were entered simultaneously (pulse pressure, heart rate, and mean blood pressure) and their influence on media/lumen ratio were considered before treatment was entered. Thereby, the following questions were answered: 1) Can variations in pulse pressure, mean blood pressure, and heart rate alone explain the variation in media/lumen ratio? 2) Knowing that pulse pressure, mean blood pressure, and heart rate can explain part of the variation in media/lumen ratio, can extra information about media/lumen ratio be obtained from knowing which type of treatment has been used? MBP, mean blood pressure; HR, heart rate; PP, pulse pressure.
My analysis did not answer the question raised by Harrap and Forbes 1 concerning whether treatment alone can explain the variation in media/lumen ratio.
Performed as described in my article, 2 the analysis indicated that more than half of the variance in media/lumen ratio may be accounted for by considering pulse pressure, mean blood pressure, and heart rate. As Harrap and Forbes 1 have suggested, the effect of the treatments corrected for the covariate effect was significant (/?=0.0O6), and it should have been emphasized in the abstract that this effect was included in the 81% of the variation accounted for. This analysis does not give any indication of whether there is a cause-effect relation between pulse pressure and media/lumen ratio or both parameters depend on some third factor. However, as I have indicated, 2 there are data in the literature that make it plausible that pulse pressure could affect vascular structure. The analysis extends the linear regression analysis (Figure 1 from Reference 2), which showed the following correlation coefficients for 20 points per analysis: media/lumen versus mean blood pressure, r=0.41; versus heart rate, r=0.41; versus pulse pressure, r=0.64.
I have reanalyzed the data, helped by Morten Frydenberg MSc, PhD (statistical consultant for the Medical Faculty of Aarhus), using the program GENSTAT, and basically reproduced Harrap and Forbes' as well as my own analysis. Thus, we could confirm that if one enters treatment first, only very little extra information about media/lumen ratio can be obtained by entering the covariates afterward. It is important to realize that if one had performed a perfect treatment study with identical response of all rats within each treatment group, there would have been no significant association between pulse pressure and media/lumen ratio if one had corrected for "treatment" before considering the covariates. On the other hand, differences within the group would be suggestive of inhomogeneity of the treated group of animals -after all, we aimed at treating all animals within a group exactly alike, and perhaps the result of Harrap and Forbes' analysis just indicates that we succeeded. I do not think that the result of Harrap and Forbes' analysis excludes the possibility of a causeeffect relation between puke pressure and media/lumen ratio, but I agree that their question completes the analysis of the data.
Based on the discussion above, I must retain my conclusion that in these spontaneously hypertensive rats, subjected to a variety of treatments, pulse pressure was closely related to media/lumen ratio and heart rate was somewhat related to media/lumen ratio. Therefore, as I concluded in my article, "one might point to the potential importance of not just aiming antihypertensive treatment efforts at DBP, but also of trying to reduce PP and HR to reduce the cyclic pressure load on the resistance vessels if normalization of their structure is desired." I agree with Harrap and Forbes that the data presented are not, seen in isolation, indicative of a cause-effect relation between pulse pressure and media/lumen ratio, but still pulse pressure seems to be a usable predictor for the effect of antihypertensive treatment on vascular structure in rats. Clearly, as I stated in the article, much further work is necessary to clarify this issue.
Harrap and Forbes 1 raise important methodological questions for all those working in hypertension concerning the design and interpretation of experiments for disentangling effects of blood pressure and effects of other parameters. I would like to thank Harrap and Forbes for their interest in my article and for their interesting letter.
